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[57] ABSTRACT 

A connector system is provided for connecting conductors of 
high tension cables during splicing between cables. Each 
connector comprises lugs having ferrule portions which are 
crimped to the ends of conductors to be joined and part 
cylindrical lug portions which are bolted together through 
filler or connector plates to form a smoothly contoured 
connection free from edges or projections providing high 
electrical stress concentrations. The connector plates enable 
two connections to be joined in parallel to provide branch 
connections: a smoothly contoured lug adaptor replaces a 
fourth lug if only a single branch connection is to be made. 
Smoothly contoured and recessed nuts and bolt head covers 
contribute to the smooth external contour of the connection. 

5 Claims, 2 Drawing Sheets 

iii l r-- ··u- -- ·1 , . 
8 

f 
2 24 26 



U.S. Patent Jun. 18, 1996 

~ 

\ N ~\ 

0 

<( .--
• 

c..!) 

rr: 
~ 

I I 
I I I 

I I 
I I 

I I I 
I I 
I I 

I I I 

"' 
I L ________ _. 
L.-------.J ---------

N --, 
0 r-

I r- ~ 
I 
I 
1---
I 
L _ __ J 

Sheet 1 of 2 

• 
c!) -LL 

5,527,191 

u 
-...j' 

--.-,--- \!) 
' I -r'-.J., 

I LL 
I I 

. 
0 c..!) -LL 

m .--
• 0 0 c..!) -u. 

~ 

co 

\ 

\ 0 N 
• N c..!) 

0 -LL 



U.S. Patent Jun. 18, 1996 Sheet 2 of 2 

6 

I ,--'T- -1 

I 
26 

t 
? 

24 
------- ' "2 18 

FIG. 5 

I ,·22(20 

I 

' 26 24 j 18--' 

~ 2 2 24 26 

FIG. 6 

26 2"' 16 ✓2 

0 0 

24 10 0 0 18 

6 26 

0 0 

4 24 

1B 

0 0 

4 

FIG. 7 

5,527,191 



5,527,191 
1 

CONNECTOR FOR USE IN CABLE SPLICES 

FIELD OF THE INVENTION 

2 
of such connections can be found in U.S. Pat. Nos. 1,218, 
216 (Schmid), 1,688,640 (Levin) and 1,975,244 (Wiseman). 

SUMMARY OF THE INVENTION 
This invention relates to connectors for connecting the 5 

conductors of high tension cables in the course of making 
splices between two or more lengths of cable, particularly 
underground high tension cables. 

The present applicants have developed a bolt-together 
connector, the major components of which can be crimped 
to conductors to be connected, and which is designed to 
provide a connection which avoids excessive electrical 

REVIEW OF THE ART 

High voltage underground cables are widely utilized for 
electrical distribution in urban areas. Typically such cables 
are three-phase cables having three conductors, which may 
be of segmental form, appropriately sheathed and insulated. 
Typically, the conductors of such cables have been con­
nected by means of sleeves soldered and/or crimped to the 
conductor ends, the joint being built up with molten lead so 
as to provide a smooth outer surface. Such a smooth surface 

10 stresses, and can accommodate up to two branch cables, 
which may be installed either at the time of original making 
of the connection, or subsequently. 

Further features of the invention will be apparent from the 
following description with reference to the accompanying 

15 drawings. 

SHORT DESCRIPTION OF THE DRAWINGS 

In the drawings: 

is needed to avoid high electrical stress concentrations 20 

which might lead to electrical breakdown of the splice in 
which the connector is incorporated. Such connections are 
required not only for end to end connection of cables, but 
also where branch cables are to be attached to a primary 
distribution cable, which has in the past been achieved by 25 

binding branch cable conductors to the sleeves before apply­
ing the molten lead. 

FIGS. lA and 1B are plan and elevational views respec­
tively of a lug member for crimping to the end of a cable 
conductor; 

FIGS. 2 and 3 are plan views respectively of a filler plate 
and a connector plate used alternatively according to 
whether an end to end or a branch connection is to be made; 

FIGS. 4A, 4B and 4C show plan and side and end 
elevational views of a lug adaptor; 

Since access to the cable is typically constricted in 
underground vaults and/or cable chambers, improvements 
upon the traditional method of forming splices, involving as 
it does the use of molten lead, and the application of 
considerable heat to cables whose insulation may contain 
polychlorinated biphenyls, have long been desired. It would 

FIG. 5 illustrates assembly of a cable conductor and to a 
lug; 

30 
FIG. 6 is a partially exploded view illustrating an end-on 

connection between two cable ends; and 

be desirable to substitute some means of forming the con­
nections by cold splicing, which reduces or eliminates the 35 

application of excessive heat to the cable, and which can 
fairly readily be implemented in a confined space. 

FIG. 7 is a partially exploded view illustrating the con­
nection of a branch conductor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A typical splice involves both the electrical and mechani-
cal connection of conductors in the cable, end to end and 

40 
possibly with one or two branch cables, and the formation of 
insulation and sheathing of suitable integrity around the 
connected conductors. The present invention is concerned 
solely with the connection of the conductors, and the for­
mation of the insulation and sheathing will not be discussed 

45 
further. 

The principal components of the connector of the inven­
tion are copper lug members 2 as shown in FIGS. lA and lB, 
together with a copper filler plate 8 as shown in FIG. 2 or a 
copper connector plate 10 as shown in FIG. 3. While copper 
will normally be utilized, other suitable conductive metals or 
alloys could be used. 

Each lug 2 consists of a lug portion 4 and a tubular ferrule 
portion 6. The lug portions 4 are of somewhat less than 
semi-circular cross-section, so as to accommodate between 
them a filler plate 8 as shown in FIGS. 2 and 6, or a 
connector plate as shown in FIGS. 3 and 7, the latter being 

Crimped connectors for the conductors have been pro­
posed, but have the disadvantage that, as successive con­
ductors in a cable are joined, manipulation of the remaining 
conductors and associated connectors becomes increasingly 
more difficult due to mechanical constraints supplied by the 
conductors which have already been connected. Addition­
ally, such connections, once made, cannot in general be 
modified subsequently to allow the addition of branch 
conductors, nor even to separate the conductors without 
destroying the connection. Moreover, if destruction of the 
connection leaves the cable ends in a condition in which they 
cannot be reused, major problems may arise if a sufficient 
free length of conductor is not available to remake the 
connection. 

Bolt-together connections have been proposed, in which 
ferrules are crimped onto cable ends, and provided with 
mating parts which can be secured together to complete a 
connection. Such an arrangement, while potentially over­
coming some of the problems outlined above, does not allow 
for the making of branch connections, particularly subse­
quent to the initial construction of the connection. Examples 

50 used when branch connections are to be made. If two branch 
connections are to be made, a further pair of lugs as shown 
in FIGS. lA and 1B is disposed parallel to the first pair, the 
two being linked by the connector plate 10. If only one 
branch connection is to be made, one of the lugs is replaced 

55 by a lug adaptor 12 as shown in FIG. 4, which provides a 
smooth contour to the branch connection when its lug 
portion 4 is bolted through the connector plate 10 to the lug 
portion 4 of a branch lug (see FIG. 7). The smooth contour 
of the adaptor 12 reduces electrical stress. In each case the 

60 filler or connector plate is fully sandwiched between the lug 
portions. 

In order to reduce electrical stress still further, the bolts 14 
(see FIG. 6) which are utilized to secure the lugs to the 
plates, engage in a special twin nut 16 as best seen in FIGS. 

65 6 and 7, which nut is a snug fit in a recess 18 in the lug as 
shown in FIGS. 5, 6 and 7. The heads of the bolts 14 are 
housed in a corresponding recess 18 in the other lug portion 
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to be connected, and are covered by a press-on bolt cover 20 
as seen in FIG. 6. The bolt cover 20 of FIG. 6 is tapped with 
a threaded hole 22 so that a screw may be inserted to provide 
a means for removing the cover if it is desired to dissemble 
the connection. While two bolts are used in the embodiment 5 

shown, a single bolt may suffice in some cases. 
If a simple end-to-end connection is made using a filler 

plate 8 as shown in FIG. 2, the connection may readily be 
dissembled so as to substitute a connector plate 10 as shown 
in FIG. 3 should it subsequently be desired to add a branch 10 

connection as shown in FIG. 7. 
The ferrule 6 of a lug 2 is usually not applied directly to 

the end of a cable conductor. These conductors, which are 
multi-stranded, are typically of sector configuration, and to 
ensure a good connection on a fresh cable end, a split 15 

cylindrical sleeve 24 similar to one-half of a sleeve such as 
is typically utilized in conventional soldered connectors, is 
compressed onto the end of conductor 26 to provide a 
suitable cylindrical termination for insertion into the ferrule 
6. If a connector in accordance with the invention is being 20 

utilized to replace an existing joint, there will usually be a 
portion of a sleeve already in place on the cable end as a 
residue of the previous connection, after severing of the 
connection and removal of any excess lead. The ferrule 6 of 
the lug 2 is crimped onto the sleeve 26 to form a mechani- 25 

cally and electrically secure connection to the cable, and its 
blind end adjacent the lug portion 4 provides a barrier 
against the migration of oil out of the conductor. Lugs can 
be applied to all of the conductor ends prior to forming any 
connections, thus greatly simplifying the application pro- 30 

cess. Thereafter, the lugs 2 are appropriately aligned and 
connected by the application of bolts 14 passed through 
bores in the lugs and filler or connector plate, using the filler 
or connector plates 8 or 10 as appropriate. 

35 
The nuts and bolts utilized and any associated washers 

should be selected so that they will not loosen in service. In 
order to obtain good control over the torque applied to the 
bolts, the use of some form of torque wrench is desirable. 
Conveniently, this may take the form of a hexagon key 

40 
engaging sockets in the bolt heads, the key being designed 
so that its end fractures or twists when the desired torque has 
been achieved. 

In order to improve the integrity of the connection, 
capillary channels may be formed in the filler and/or con­
nector plates, either prefilled with solder, or enabling solder 

4 
to be run into them, so as to produce a very solid connection. 
Such a connection can be achieved with very much less heat 
than would be required for a conventional splice. Addition­
ally, the mating surfaces of the lug portions 4 of the lugs 2 
and of the filler and connector plates 8 and 10 may be 
configured with ridges or grooves to improve the connection 
between them. 

Although the lug portions of the lugs have been described 
as being connected by bolts, other forms of connection could 
be used, provided that the requirement for a smooth contour 
of the finished connection, and sufficient mechanical and 
electrical integrity, can be achieved. 

We claim: 
1. A connector for connecting m multi-stranded conduc­

tors during splicing of high tension electrical cables, where 
m is an integer from 2 and 4, comprising n conductive lugs, 
where n is an even integer from 2 and 4 and at least equal 
to m, each of the lugs having a part cylindrical lug portion, 
and m of the lugs having a hollow cylindrical ferrule portion 
concentric with the part cylindrical lug portions for crimping 
around ends of them multi-stranded conductors; a conduc­
tive plate entirely sandwiched between said part cylindrical 
lug portions to form one of a full cylinder and two parallel 
cylinders; and securing means recessed within each cylinder 
for mechanically connecting paired lug portions through the 
conductive plate to provide a connector with a smooth 
external contour free of edges or projections causing high 
electrical stress concentrations. 

2. A connector according to claim 1, further including a 
split conductive sleeve for application to each cable end to 
adapt the latter to the hollow ferrule portion of the associated 
lug. 

3. A connector according to claim 1, for connecting three 
multi-stranded conductors, wherein three lugs have hollow 
cylindrical ferrules and a fourth lug includes a smoothly 
contoured end portion instead of a ferrule portion. 

4. A connector according to claim 1, wherein the securing 
means comprises at least one bolt through each pair of lug 
portions and the conductive plate. 

5. A connector according to claim 4, wherein each bolt has 
a nut and a head cover flush with the external contour of the 
connector. 

* * * * * 
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